Continuous tape recording of the electrocardiogram was carried out on 25 patients with sinus bradycardia or sinoatrial block. A 72-hour record was made on each fully ambulant patient, by a miniature portable tape recorder and the tapes processed with automatic dysrhythmia detection. A high incidence of slow and fast sinaatrial dysrhythmias was discovered and brief episodes of atrial tachydysrhythmias were especially common. The characteristic syndrome of sinoatrial dysrhythmias has beenfurther clarified by this tape monitoring technique which has also proved to be valuable in the diagnosis and treatment of the individual patient.
Continuous tape recording of the electrocardiogram was carried out on 25 patients with sinus bradycardia or sinoatrial block. A 72-hour record was made on each fully ambulant patient, by a miniature portable tape recorder and the tapes processed with automatic dysrhythmia detection. A high incidence of slow and fast sinaatrial dysrhythmias was discovered and brief episodes of atrial tachydysrhythmias were especially common. The characteristic syndrome of sinoatrial dysrhythmias has beenfurther clarified by this tape monitoring technique which has also proved to be valuable in the diagnosis and treatment of the individual patient.
A syndrome of sinus bradycardia, sinoatrial block, and fast atrial dysrhythmias occurring principally in middle-aged patients has been described under a variety of different names, e.g. 'The syndrome of alternating bradycardia and tachycardia' (Short, I954) , and 'The lazy sinus syndrome' (Eraut and Shaw, I97I), which emphasize selected aspects of this disorder. The aetiology of this syndrome is unknown, but it is thought to be due to abnormal function of the sinus node, and 'sinoatrial disease' is perhaps the most descriptive expression. The dysrhythmias are essentially intermittent (Bouvrain, Slama, and Temkine, I967; Rubenstein et al., 1972) , and their range and frequency can only be determined by long-term monitoring under ambulant conditions (Corday et al., 1965) . We have examined a group of patients with this syndrome using a miniaturized tape recording system with an automatic recognition device in order to determine the type and frequency of their dysrhythmias.
Patients and methods
Twenty-five consecutive patients whose resting electrocardiograms had shown evidence of sinoatrial disease were selected from patients referred for cardiological advice. The criteria for selection were as follows. (I) 2nd or 3rd-degree sinoatrial block (Greenwood and Finkelstein, I964) (Fig. i) (Littler et al., 1972) . The electrocardiograph electrodes ('Gel Pad', Bionetics Inc for N.D.M. Corporation) were affixed to the chest to the right of the sternum in the second interspace and at the V6 position. This electrode system and placement was found to stay in position for the period of the recording and to give a good voltage QRS signal suitable for dysrhythmia analysis. The used tape cassette was replaced at the completion of each 24-hour recording period and the recorder batteries were renewed after each 48 hours.
The tapes were examined by a specially developed replay and analysis system (Fig. 2) . Tape replay speed was 50 mm/sec (or 25 times the recording speed) so that each 24-hour record was replayed in about i hour. With this speed of replay and with direct signal-plus-bias recording, the bandwidth available was approximately o-2 to Ioo Hz. The analysis of dysrhythmias was based on RR interval discrimination to provide recognition of premature beats, sinoatrial pauses, and slow or fast dysrhythmias. A shift register 'memory' was used to enable write-out of io-second samples on a modified conventional electrocardiograph so that the dysrhythmic event appeared near the middle of the sample trace. The dysrhythmic event samples were then available for routine interpretation. In addition to the automatic dysrhythmia detection, a continuous visual display of the replayed electrocardiogram was in simultaneous use. On one oscilloscope, successive single QRS complexes were superimposed giving a constant image of QRS contour. On another, larger, oscilloscope, successive 30-second (real time) samples of the electrocardiogram were inscribed during each traverse of the beam. The visual display was not routinely observed but was surveyed during prolonged dysrhythmias or where automatic detection was sampling excessively as in the presence of interference.
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assessed and the range of dysrhythmias observed for each patient was noted and compared with the findings on the initial routine resting electrocardiogram.
Results
The group consisted of I5 men and io women, with a mean age of 62-6 years (range 23 to 79). A history of syncope was obtained in 9 patients, while I2 complained of 'dizzy turns' and i i of 'palpitations'. In 9 patients there was electrocardiographic evidence of ischaemic heart disease; 2 had a past history of diphtheria, and 2 had suffered rheumatic fever without evidence of valve involvement. Of the patients, I9 had a sinus bradycardia, with resting heart rates from 37 to 55 beats a minute, and II showed electrocardiographic evidence of sinoatrial block. a) Range of dysrhythmias observed the automatic dysrhythmia detection system are seen in Fig. 3 and include junctional tachycardia, sinus bradycardia, and atrial fibrillation with sinoatrial block. In Table 2 , a comparison is shown between the total incidence of the different dysrhythmias in all 25 patients (a) on routine resting electrocardiogram, (b) on tape record, and (c) on either (a) or (b). In Fig. 4 Tape monitoring of the electrocardiogram in ambulant patients with sinoatrial disease 1013 such a tachydysrhythmia on the routine resting electrocardiogram. In 2 patients with a history of syncopal attacks, short asystolic pauses of 2-2 and 3 6 sec were recorded on tape but had not been found on the routine resting electrocardiogram.
It is also of interest to consider the I4 patients whose routine resting electrocardiogram showed sinus bradycardia. With tape recordings, IO of them exhibited either a fast dysrhythmia or sinoatrial block. It is therefore clear that individual patients commonly exhibited a wide range of dysrhythmias rather than any specific grouping such as 'brady-tachy' or a 'lazy sinus' with predominant sinus bradycardia.
This system of tape recording of the 'dynamic' electrocardiogram is clearly valuable as a means of diagnosing sinoatrial disease by confirming the characteristic rhythm disorders in the individual patient. Also, a knowledge of the nature and severity of the individual dysrhythmias should be helpful as an indication of the best method of treatment in this therapeutically challenging disorder. For example, two patients with short asystolic pauses and another with slow junctional rhythm have been greatly improved symptomatically by permanent pacing systems.
There must, however, be some reservation about the conclusions reached from this selected series of 25 patients, many of whom had symptoms and all of whom had been referred for cardiological advice. It would be of interest to know whether subjects with asymptomatic sinus bradycardia also exhibit a wide range of dysrhythmias, and this is at present under investigation. The criteria for the selection of these 25 patients were sinus bradycardia or sinoatrial block, as these dysrhythmias are more specific to sinoatrial disease than intermittent, fast atrial dysrhythmias which may, for example, be found with pre-excitation. It would, therefore, also be of interest to know if patients with unexplained fast atrial dysrhythmias have evidence of sinus bradycardia or sinoatrial block.
The sinus tachycardia (rate greater than IIO beats/minute) observed in i i patients was unexpected. In 7 of them, rates from 130 to i6o beats a minute were observed. It is impossible to be certain whether these episodes were true sinus tachycardia or atrial tachydysrhythmias arising near the normal sinus pacemaker. Furthermore, 6 of 7 patients also showed sinus bradycardia. Since it has been shown that patients with sinus bradycardia have a poor response of heart rate to exercise, atropine, and isoprenaline (Eraut and Shaw, I97I; Crook et al., I972) it appears unlikely that the observed sinus tachycardia is a normal physiological response. Possibly an ectopic pacemaker in or near the sinus node gives rise to this tachycardia.
In this study a comparable control group of normal subjects has not been investigated. There is, however, no indication from other dynamic electrocardiogram studies (Gilson, Holter, and Glasscock, I964 ) that dysrhythmias of this kind occur in normal subjects, and in a preliminary study of IO normal subjects of comparable age to the patients with sinoatrial disease, no similar dysrhythmias were demonstrated on tape records.
